Background: Traumatic brain injury (TBI) is an important public health problem throughout the world. Objectives: The aim of this study was to assess repeated glasgow coma scale (GCS) scores in predicting the severity of TBI and patients' survival.
Background
Traumatic brain injury (TBI) is an important public health problem worldwide. It is often referred to as the "silent epidemic" since the complications from TBI, such as changes affecting sensation, thinking, emotions, or language, may not be readily apparent. Moreover, understanding of TBI among the general public is limited (1) (2) (3) (4) .
The global incidence rate of TBI is estimated at 200 per 100,000 people per year (5, 6) . According to the centers for disease control and prevention (CDC), about 1.1 million emergency room visits; 235,000 hospitalizations; and 50,000 deaths occur each year as a result of TBI. Still, the actual incidence of TBI may be even higher, because many mild TBIs are never seen in the emergency room (7, 8) . Rutland-Brown reported an annual estimated 1.6 million TBIs. Thurman estimates that more than 80,000 individuals become disabled from TBIs each year (9) . In Iran, the incidence of TBIs is estimated 429 per 100,000 of the population per year (10) . The etiological studies in this field are very sparse, in spite of their high incidence rate in Iran.
TBI is indicated by new onset of at least of the following clinical signs, quickly following an event: any period of loss of or a reduced level of consciousness, any change in mental status at the time of the injury, any loss of memory of events immediately before or after the injury, neurological deficits that may or may not be transient, intracranial lesion, posttraumatic amnesia (PTA), and length of loss of consciousness (LOC) are the most common clinical indicators used to assess acute brain injury severity. The Glasgow Coma Scale (GCS) is the most widely used tool for assessing the severity of a TBI (13) (14) (15) .
The GCS was introduced in 1974 by Teasdale and Jennet (13) . Scores of GCS are one of the important aspects of classifying TBI severity. Since the GCS scores are regularly monitored over time, more complex statistical methods are needed to determine the relationship between repeated GCS scores and the severity of TBI, in addition to patients' survival times.
Objectives
In this study we utilized a joint modeling of longitudinal measures of GCS scores and TBI survival time, to know whether these indices can be a significant indicator of predicting TBI survival time.
Patients and Methods

Study Participants and Outcomes
In this longitudinal study, the sample size was obtained (n = 232) using the Hsieh and Lavori formula; B = -0.34, α = 0.05 and Design parameter = 0.30 (16) , including a five-percent loss, 251 patients hospitalized with traumatic brain injuries were recruited to assess the relationship between GCS and TBI survival time. The patients were selected by simple random sampling in the (ICU) wards of the Shahid Beheshti hospital in Kashan, Iran between September 2008 and September 2010. This hospital has three ICUs, and one of them is exclusive to trauma patients. The ethical aspects of this study were approved by the institutional ethics committee of Kashan University of Medical Sciences, with code 9218 issued on August 13, 2008. All subjects provided written consent before participation. At admission, these patients were under treatment with an Advanced Traumatic Life Support (ATLS) protocol and, given their circumstances, they were transferred to the ICU. The inclusion criteria were as follows: 16 < age < 65 years, weight > 30 kg, length of stay in the ICU > 24 hours, lack of underlying chronic disorders, absence of corticosteroid use, no history of addiction and lack of trauma in other parts of the body. Patients who died during the 24 hours after admission; had a spinal cord injury, as determined on the basis of radiological or clinical findings; the existence of any type of neurological diseases before TBI; or brain injury with no traumatic causes, such as brain tumors, aneurismal, stroke, and other brain vascular incidences were excluded from the study. There were no limitations on gender, height, time of emergency room admission, traumatic lesions, leading causes of TBI, and type of head injury. After excluding patients with a spinal cord injury (n = 4), aneurismal (n = 3), brain tumor (n = 1), and lost to follow up (n = 4), 239 patients were recruited for analysis.
A checklist was used for data gathering; it consisted of demographic and clinical data (e.g., characteristics of external force, trauma outcome, and the level of consciousness). The level of consciousness was evaluated using GCS at admission, six hours after admission to the ICU, and time of discharge from the hospital. The primary outcomes of the study were patient status as TBI severity and a GCS score as prediction tools.
The Glasgow outcome score (GOS) was used to classify the global outcome in TBI survivors. Patients were assigned to one of five possible outcome categories: death, persistent vegetative state, severe disability, moderate disability, and good recovery (17) . In this study, moderate disability and good recovery were considered the success outcomes, and death, persistent vegetative state, and severe disability were failures.
Statistical Analysis
In the first step, the individual trajectories of GCS obtained from the repeated estimates of the longitudinal explanatory variable were fitted using linear mixed-effect models. Different longitudinal sub-models were analyzed with an only intercept, intercept, and slope analysis and a non-linear specific evolution for the GCS (18) . To embed these different kinds of longitudinal submodels in a unified frame, the conditional distribution of (GCS scores for patients) given a vector of random effects was assumed to be a member of the exponential family, given by the following Equation:
Where g denotes a known one-to-one monotonic link function, and y i (t) denotes the value of the longitudinal outcome for the i-th subject at time point t, x i (t), and z i (t) denotes the time-dependent design vectors for the fixedeffects β and for the random effects b i , respectively. In the second step, rejection-free survival was studied using 2
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a Cox model (19) . The patient's age, gender (1: male, 2: female), marital status (1: single, 2: married), time reaching the emergency room, having primary anesthesia, trauma type, and injury type were tested as covariates, both in the longitudinal process (which describes the trajectories of GCS) and in the survival process. In each of the processes, the covariate was maintained if its inclusion modified the log-likelihood significantly (P < 0.05). In the last step, the joint model with shared random-effects method was applied (20) (21) (22) (23) . For this study, we assumed that the risk for an event depended on a function of the subject-specific linear predictor. More specifically (Equation 2).
Where, H i (t) = [ i (s), 0 ≤ s < t] denoted the historical events of the underlying repeated measure process up to t, h 0 (t) denoted the baseline hazard function, w i is a vector of baseline covariates with corresponding regression coefficients γ. Parameter vector α quantified the association between features of the repeated process up to time t and the hazard for an event at the same time point. So, we proposed a joint model under the maximum likelihood estimation method. The baseline hazard and the survival function were approximated using penalized B-splines and the Gauss-Kronrod quadrature rule, respectively (24) . Data were analyzed using R for Windows software (version 3.2.1) (25).
Results
In this study, of 241 patients, eight patients were excluded according to the above-detailed criteria. IA total sample of 239 TBI patients was assessed. Among them, 208 patients (89.0%) were male. The mean ± SD age of these patients was 35.4 ± 8.6 (from 16.0 to 85.0) years. Table 1 shows more details about the characteristics of the patients under study.
The mean ± SD GCS scores were 7.9 ± 3.7, 7.3 ± 3.2, and 9.5 ± 4.6, respectively at admission, six hours after admission to the ICU, and time of discharge from the hospital. Also, the mean follow up time for each patient was 12.3 ± 13.9 days. Figures 1 and 2 show Kaplan-Meier estimates and the observed trajectories of GCS, according to the occurrence of the event during the follow-up. We can observe that the GCS scores had random intercept and random trend over time. Therefore, we used a random intercept-random time mixed effects model to assess the effect of different factors on GCS scores over time. The results of mixed model showed that gender (P = 0.002), time reaching the emergency room (P = 0.017), patient's age (P = 0.016), and time (P < 0.001) were significantly associated with GCS scores over time (Table 1) . We therefore used these significant variables in the advanced joint analysis.
On the other hand, the number of patients with failure and censored outcomes were 92 (38.5%) (72 deaths, 9 persistent vegetative, and 11 severe disability) and 147 (61.5%), respectively. The univariate Cox analysis in Table 1 showed that mortality risk was significantly higher in older patients (P = 0.003), patients with greater time to reach the emergency room (P < 0.001), and patients with primary anesthesia (P < 0.001). There was no apparent relationship between the cause of injury and survival (P = 0.751). Significant variables in this model were added to the joint modeling analysis. The results of the joint model are observed in Table 2 . Based on the obtained results, having primary anesthesia (HR = 1.637, P = 0.153) and time to reaching the emergency room were not significantly associated with the hazard of events in the joint model (HR = 1.002, P = 0.152). Female patients had a little more hazard of event than male patients, but it was not significant (HR = 1.095, P = 0.757). The mortality risk was significantly higher in older patients (HR = 1.010, P = 0.010). Additionally, the results demonstrated a significant linear increasing trend in GCS scores over time (HR = 1.78, P = 0.003). Age and anesthesia were associated with GCS values. Higher age was significantly related to lower GCS values over time (P < 0.001). by incorporating the mixed-effects process and the survival process showed a significant association between the GCS trajectories and failure outcomes. The risk of failure outcome decreases with increasing GCS values (α = -0.256, P < 0.001).
Discussion
The joint modeling of longitudinal and time-to-event data is an active area of statistical research that has received a lot of attention in the recent years (26) (27) (28) (29) . This study demonstrated that the repeated use of GCS scores could predict the severity of TBI and patients' survival. Since predictors such as age, gender, and time affect the relationship between the GCS score and TBI severity, we used the joint modeling approach to evaluate the effect of GCS scores on the survival of patients. Our study revealed a strong association between the GCS trajectories and failure outcomes (death and severe disability) ( Table 2) . Leitgeb showed that patients with low GCS scores had a poor chance of favorable results (30) . In a cross-sectional study, Saha et al. had reported that the GCS scores were significantly correlated with GOS in head injury patients (31) . The reason for this increased interest is that joint models can be used when focusing or on the survival outcome and we wish to correct for non-random dropout or on the survival outcome (32) .
In this study, we observed that the standard error estimates of age, gender, and other covariates in the joint model are less than the Cox model (Tables 1 and 2 ). Although some studies have demonstrated the male gender as a risk factor for TBI (33) , female patients had a little more, yet significant, hazard of event than male patients in our study (Table 2) .
Epidemiological studies have produced conflicting re- (37) . In another study, a logistic regression analysis disseminated that gender had no significant effect on TBI mortality (38) . Although the impact of gender on TBI outcomes is controversial, it may be concluded that the differences in outcomes were because of the higher mean age of females under studies. Our finding showed that age was associated with GCS values and TBI outcome ( (39) . Jeremitsky et al. in a retrospective study of patients with severe traumatic brain injury, showed that mortality was related to age and injury severity scores (40) . In this study, we found that patients with primary anesthesia had a lower mean of GCS values. In this context, several studies have reported other factors of TBI (41) (42) (43) . In addition, another study revealed that early hyperglycemia is associated with poor outcomes for patients with TBI (40) . In a prospective cohort study, moderate to severe traumatic brain injury had the greatest incidence of impaired cerebral autoregulation. In addition, impaired cerebral autoregulation and poor outcome were related with hyperemia (44) .
The present study has a few limitations that should be considered. As a prospective cohort study, selection bias may have occurred due to loss to follow up; this may affect the association of GCS with severity of TBI and patients' survival. We calculated a random intercept effect of follow-up for any participant. In this way, differential selection bias was reduced. We did not take into account socioeconomic status or other factors in our analysis. Moreover, this study assessed admitted patients until their discharge from the hospital Therefore, performing a study with longer period of assessment is suggested. Finally, samples were only from a hospital in Kashan, so our findings might not be extrapolated to other parts of Iran.
Conclusions
Our study revealed a strong association between the GCS trajectories and failure outcome. By jointly modeling longitudinal data with time-to-event outcomes, our findings supported the use of the GCS scores in predicting the severity of TBI. On the other hand, providing preventive programs (such as increasing the amount of people's awareness and paying more attention to traffic regulations) aimed at decreasing traumatic brain injury could be helpful. Also, different aspects of trauma nursing should be paid more attention.
